Lowering serum urate levels below the threshold for crystal formation with urate-lowering therapy (ULT) has been associated with a lower risk for gout flare reoccurrences. However, gout patients on ULT still commonly suffer from recurring gout flares. The purpose of this study was to explore prognostic factors associated with gout flare recurrence within the first 3 months, in gout patients starting ULT during an acute gout flare. Post-hoc analysis of trial data on acute gout patients randomized to either gout flare standard of care or anakinra treatment were used, including baseline demographic, laboratory, clinical, and patient-reported variables, as well as 3-month follow-up data on gout flare recurrences. Only patients starting ULT at baseline were included. Using variable selection based on clinical relevance, univariate, and multivariate binary logistic regression analyses were done to examine predictors of gout flare reoccurrence. A total of 75 patients were included in this study, of which 36 (48%) experienced a gout flare ≤ 3 months post baseline. The multivariate regression analysis revealed that CRP levels > 30 mg/L (OR 9.47) and lack of prophylaxis when starting ULT (OR 11.56) were independently associated with gout flare recurrence. Similar results were found for the univariate regression analyses. Our results show that CRP levels > 30 mg/L and lack of prophylaxis when starting ULT were prognostic factors for early gout flare reoccurrence in patients starting ULT during an acute gout flare.
Introduction
Lowering serum urate (SUA) levels below the threshold for monosodium urate crystal formation to the recommended SUA target of < 0.36 mmol/L with urate-lowering therapy (ULT) has been associated with reduced risk of gout flare recurrences and other adverse outcomes [1, 2] . Therefore, most current gout management guidelines recommend to consider and discuss ULT with every patient, and to initiate ULT for patients with frequent flares, arthropathy, renal impairment, or tophi [2, 3] . Various guidelines agree that ULT should be initiated early, possibly even upon presentation of an acute gout attack [2] [3] [4] .
However, research to date shows that even if ULT is instated, gout flare recurrences are relatively common, particularly in the period immediately following initiation [1, 5, 6] . Moreover, previous studies have shown that frequently recurrent gout (i.e., having ≥ 3 flares per year) is associated with work impairment and decreased health-related quality of life [7, 8] . While preventing recurrent gout flares is considered a priority for improving gout outcomes, not much is currently known about prognostic factors that place patients at increased risk for recurrent gout flares, especially in the period shortly after initiating ULT [6, 9, 10] . In fact, no previous studies have been performed in patients who initiate ULT during an acute gout flare [11] [12] [13] .
Therefore, in the current study, we investigated the prognostic value of various demographic, clinical or patientreported factors for gout flare recurrence within the first 3 months following ULT initiation, in gout patients starting ULT during an acute gout flare.
Materials and methods

Data source and patient population
For this post-hoc analysis, we used data from a multicenter, double-blind, double-dummy, randomized, non-inferiority clinical trial, in which the efficacy of anakinra versus standard of care for the treatment of acute gout flares was studied among crystal-proven gout patients recruited from seven rheumatology clinics in The Netherlands [14] . At baseline, eligible patients with an acute gout flare were randomized to either treatment with anakinra or standard of care, including colchicine, naproxen or prednisolon. In addition, the study protocol stipulated that patients should be initiated on ULT. All patients in the standard of care arm receiving treatment with naproxen or colchicine for their acute gout flare, continued this treatment up for 90 days as flare prophylaxis when initiating ULT. Patients randomized to the standard of care arm and receiving prednisolon, and patients who were randomized to the anakinra arm were provided with medication for their acute gout flare only and were not given prophylaxis with this treatment during initiation of ULT. This was because prophylaxis with corticosteroids or anakinra is currently not recommended in gout guidelines [2] . Patients were followed up for 3 months. More details regarding the study are given elsewhere [14] . This study was approved by a local independent ethics committee and by the institutional review board of each participating center, and was performed in accordance with the declaration of Helsinki and Good Clinical Practice guidelines. All patients provided written informed consent.
For the present study, we excluded patients from the original study who did not initiate ULT at baseline or were lost to follow-up.
Reporting gout flares
During the 3-month follow-up, patients were instructed to contact their treating rheumatologist or rheumatology nurse when they believed they were experiencing a new gout flare. Evaluator confirmed flares were subsequently documented in the electronic case-report form. Gout flare medication was provided to patients at the discretion of the treating rheumatologist. Beside the evaluator confirmed flares, patients themselves could also report gout flares in their electronic case report form.
Statistical analysis
For all included patients, baseline characteristics were summarized using mean and standard deviations, number and percentages, or the median and first and third quartile (Q1, Q3), depending on the distribution of the variables. For all statistical analyses, the statistical package SPSS version 22 was used for Windows.
To determine if an association exists between baseline characteristics and the occurrence of a gout flare within the first 3 months following initiation of ULT, a multivariate binary logistic regression model was developed. Potential predictors of flare recurrence were selected from the baseline data, based on their potential clinical relevance, including the levels of patient-reported pain (measured on a 5-point rating scale), body mass index (BMI), sex, levels of creactive protein (CRP) and serum urate (SUA), age, type of gout (intermittent or chronic gout), and receiving prophylaxis during ULT initiation. All potential variables were dichotomized using receiver operating characteristic (ROC) curves with the Youden Index to determine optimal cutoff points.
Preceding the dichotomization of variables and the regression analysis, missing values for the potential predictors (pain 16.0%, BMI 1.3%, CRP 6.7%, SUA 8.0%) were replaced by plausible values according to the Multiple Imputation by predictive mean matching method, based on the assumption that the data were missing at random. All baseline variables, as well as ULT type and occurrence of a flare within 3 months post baseline, were used as input for the imputation model [15] . Ten imputed datasets were generated.
Both a weighted univariate and multivariate binary logistic regression analysis was performed with all the potential predictors. The multivariate regression model was done using conditional backward elimination, with p > 0.10 as the cutoff probability of stepwise removal of variables. As backward elimination on the ten imputed datasets might cause differences in selection of variables for the final multivariate model in each dataset, one analysis was performed in which the ten generated datasets with multiply imputed data were stacked. In that analysis, individual cases were weighted by 0.10 (1/number of datasets of imputation) to correct the standard errors for the artificial inflation of the sample size [16] . The goodness of fit for the model was tested using the Hosmer and Lemeshow test. The model's ability to discriminate between gout flare occurrence (yes/no) was examined by determining the area under the ROC curve, whereby an area between 0.70 and < 0.80 indicated adequate discriminative ability, and between 0.80 and < 0.90 excellent discriminative ability [17] . For the covariates remaining in the final model at the last step, odds ratios (OR) including corresponding p values and 95% confidence intervals (95% CI) were calculated.
Results
Patient selection and baseline characteristics
Of the original 88 included patients, two patients never initiated ULT during the study, eight patients failed to initiate ULT at baseline, and three patients were lost to follow-up, leaving a total of 75 eligible patients who were included in the present analysis. Patient characteristics are provided in Table 1 .
The majority of patients (n = 71, 94.7%) initiated ULT with allopurinol, of which 55 (77.5%) had a starting dose of 100 mg, 13 (18.3%) a starting dose of 300 mg, and one (1.4%) and two (2.8%) patients a starting dose of 50 mg and 150 mg, respectively. Benzbromarone was given as the initial ULT in two patients (2.7%) at a starting dose of 50 mg, while febuxostat was given to two patients (2.7%) of which one patient initiated at a dose of 40 mg and another patient at a dose of 80 mg.
Of the total 75 patients included in this analysis, 34 (45.3%) received treatment with anakinra at baseline, and 41 (55%) with standard of care, of which 14 (18.7%) with prednisolon, 16 (21.3%) with colchicine, and 11 (14.7%) with naproxen, according to the original study protocol.
Gout flare recurrence
In total, 36 (48%) patients experienced a gout flare, including both evaluator confirmed and patient-reported flares, within the first 3 months after ULT initiation, with a mean (SD) and median (Q1, Q3) time to the first reported gout flare event of 34.9 (31.8) days and 21.0 (12.5, 41.8) days, respectively. Overall, the mean (SD) number of flares per patient was 0.67 (0.81) flares. Of the patients that experienced a gout flare, 24 (66.7%) had one flare, 10 (27.8%) patients had two flares, and two (5.6%) patients had three gout flares. The mean (SD) number of flares among the patients having gout flares was 1.39 (0.60).
The highest proportion of patients experiencing a gout flare recurrence received treatment with anakinra (n = 23, 63.9%), followed by prednisolon (n = 8, 22.2%), naproxen (n = 3, 8.3%), and colchicine (n = 2, 5.6%). Interestingly, the first two groups did not receive prophylaxis when starting ULT, while the latter two groups were provided with prophylaxis.
Predictors of flare recurrence
For all the baseline predictors included in the multivariate regression model, the results of the univariate binary logistic regressions are presented in Table 2 .
Results of the multivariate regression analysis showed that the two baseline covariates CRP level and prophylaxis, remained in the model and were independently predictive of gout flare recurrence (p ≤ 0.10) ( Table 3 ). The odds for gout flare recurrence were 9.47 times higher for patients with CRP levels above 30 mg/L compared to patients with CRP levels at or below this value at baseline. In addition, intake of prophylaxis had a strong protective effect (OR, 0.09). The overall goodness to fit of the multivariate model was acceptable (χ 2 (7) = 2.44; p = 0.296), and the area under the ROC curve was high, 0.78, implying the model had adequate discriminative ability.
Discussion
Our study showed that approximately half of the patients (48%) had at least one gout flare recurrence in the first 3 months following ULT initiation during an acute gout flare. Various studies that have previously reported on flare rates, show similar, or higher, percentages of gout patients having flares when on ULT, although differences in study designs and patient populations make comparison difficult [1, 6, 11, 12, 18, 19] . Overall, our findings add to the already existing literature reporting on the unfavorable occurrence of gout flares when on ULT.
Furthermore, our results showed that receiving prophylaxis at the moment of ULT initiation strongly protected against SD, standard deviation; BMI, body mass index; SUA, serum urate; CRP, C-reactive protein 1 Compared to patients having chronic gout gout flare reoccurrence, which further substantiates the importance of prophylaxis when initiating ULT, as is currently recommended by gout management guidelines [2] . The subpopulation of patients that received prophylaxis in our study were provided prophylaxis for 3 months with colchicine or the nonsteroidal anti-inflammatory drug (NSAID) naproxen. This was because we were interested in determining the prognostic value of prophylaxis in preventing gout flares shortly after starting ULT since gout flares are common during this period [1] . We must note, however, that in contemporary gout guidelines prophylaxis with these agents is recommended for the first 6 months when starting ULT [2] . This is supported by data showing that gout flare prevention was more beneficial with intake of 6 months prophylaxis compared to 8 weeks, without the occurrence of more adverse reactions [9] . Future studies would need to evaluate the differences in gout flare risk, but also adverse reactions, between 3 months prophylactic treatment, as applied in this study, compared to the recommended 6 months. Moreover, prophylaxis with agents other than colchicine or NSAIDs may need consideration in the future as well, for example, with interleukin-1 (IL-1) inhibitors. Namely, it has been shown in previous studies that the IL-1 inhibitors canakinumab and rilonacept have prophylactic potency in preventing gout flares [19] [20] [21] [22] [23] . In the study by Schlesinger et al. 2011 , prophylaxis with single doses of canakinumab ≥ 50 mg or four 4-weekly doses (50 mg, 50 mg, 25 mg, 25 mg) provided a greater relief in gout flare recurrences compared to daily colchicine 0.5 mg given for 16 weeks in gout patients starting ULT with allopurinol [20] . OR, odds ratio; CI, confidence interval; BMI, body mass index; CRP, C-reactive protein; SUA, serum urate 1 Percentages are presented as within group percentages, sum of percentages within group are equal to 100
2 Measured on a 5-point rating scale (1 = none; 2 = mild; 3 = moderate; 4 = a lot; 5 = extreme) In this study, less patients experienced at least one gout flare in the study period when treated with canakinumab (15-18.5%) versus colchicine (44%). The various studies done on rilonacept (once weekly subcutaneous injection of 80 or 160 mg) also revealed that it was more beneficial in reducing the frequency of gout flare recurrences compared to placebo when on ULT. Here, the proportion of patients experiencing at least one gout flare in 16 weeks ranged from 16 to 26% for rilonacept and 47 to 56% for placebo [19, [21] [22] [23] .
Prophylactic treatment with IL-1 inhibitors may in particular be of relevance in those gout patients who cannot be treated with colchicine or NSAIDs. Moreover, CRP levels above 30 mg/L were independently predictive of gout flare recurrence. To our knowledge, limited research is currently available on the possible relationship between CRP levels and developing recurrent gout flares. In previous studies, increased systemic inflammation, including elevated markers as CRP, has been associated with elevated SUA levels and with cardiovascular diseases [24] [25] [26] [27] [28] . Therefore, the potential role of CRP in predicting gout flares, and the nature of this possible association, including such underlying factors (e.g., SUA level, presence of comorbidities), may need to be explored in future studies, particularly in other gout populations.
Previous long-term (≥ 1 year) retrospective studies have shown an association between increased SUA levels and an increased risk for gout flare occurrence [1, 11, 12, 18, 29] . Contrarily, results of our study did not reveal such an association and SUA levels to be prognostic for the reoccurrence of a gout flare in the short-term (≤ 3 months). Although the reason for this observation cannot be determined from our study, it might be attributed to the fact that the study population was rather homogenous, consisting primarily of patients having a baseline SUA level (mean = 0.50 mmol/L) well above the recommended SUA target value of 0.36 mmol/L. Notably, previous studies that have applied the SUA value of 0.36 mmol/L as the cutoff value for dichotomization in regression models found an association between SUA level and gout flares, whereas in the present study we used a SUA dichotomization value of 0.39 mmol/L and found no association [1, 11, 12, 18] .
The various clinical and patient-related baseline characteristics considered as potential prognostic factors, as well as the use of data in patients with crystal-proven gout are strengths of this study. However, this study also has some limitations. First, potential predictors such as the presence of comorbidities, medication usage, and diet (e.g., purine-rich foods) were not available for this study, although these have been suggested to be relevant with regard to gout flare reoccurrence [30] [31] [32] . This includes the effect of different types of ULT on gout flare risk, which we were not able to include as a predictor in the model due to the variety of ULT and starting doses that were applied, leading to a small number of subjects receiving each ULT. Also, patients' actual adherence to their ULT medication during the course of the study was not measured. Moreover, our study population was limited to patients treated at rheumatology centers, and our results should therefore be confirmed in studies in different populations. Another limitation of this study is that the recently validated definition of gout flares for use in gout clinical research was not used in this study, but gout flares reported by patients and evaluators were used [33] . Finally, as we studied predictors of gout flare recurrence in patients initiating ULT during an acute gout episode, the generalizability of our results to gout patients not on ULT, and starting ULT prior to or following a gout flare, is limited.
In conclusion, we demonstrated that CRP levels > 30 mg/L and lack of prophylaxis were independent, prognostic factors for early (≤ 3 months) gout flare reoccurrence in gout patients initiating ULT during an acute gout flare. Ethical standards The study was approved by an independent ethics committee (METC Twente, Enschede, the Netherlands), and by the institutional review board of each participating center. It has therefore been performed in accordance with ethical standard laid down in the 1964 Declaration of Helsinki and its later amendments, and the Dutch Medical Research Involving Human Subjects Act. All patients provided written informed consent prior to study initiation.
